The effects of PPI are variable owing to the CYP2C19 polymorphisms. However, whether the polymorphisms could affect the Hp eradication efficacy of triple therapy is still not clear. The present study aimed to assess the effects of CYP2C19 gene polymorphisms on proton pump inhibitor (PPI), amoxicillin, and levofloxacin triple therapy for Helicobacter pylori (Hp) eradication.
Background
Helicobacter pylori (Hp) infection is an important risk factor for digestive ulcer, gastric mucosa-associated lymphoid tissue lymphoma (MALT), chronic gastritis with indigestion, gastric mucosa atrophy or erosion, gastric polyps, malignant tumors, and other diseases of the digestive system [1] . Long-term followup showed that Hp eradication has an important role in peptic ulcer treatment and Hp-related chronic gastritis prognosis, as well as in reversing gastric mucosa-associated lymphoid tissue lymphoma progression. Hp eradication has a preventive effect by eliminating the precancerous lesions of gastric cancer [2] .
Proton pump inhibitors (PPIs) increase gastric pH by inhibiting acid secretions, and enhance the activity of oral antibiotics while inhibiting Hp; therefore, they are widely used in the clinical treatment of acid-related diseases. Currently, triple therapy based on PPI combination with 2 antibiotics is commonly used in Hp eradication treatment [3] . In the traditional standard triple therapy, the most commonly used antibiotics are amoxicillin, metronidazole, and clarithromycin. Recently, a Chinese Hp resistance survey indicated that the Hp resistance rates towards metronidazole and clarithromycin were 75.6% and 27.6%, respectively, in many areas of China [4] .
Therefore, Hp eradication with standard triple therapy is becoming less common and cannot satisfy the target demand. In recent years, a number of studies suggested that triple therapy containing levofloxacin has better Hp eradication rates [5, 6] . The latest Maastricht IV/Florence Consensus Report and Fourth Chinese National Consensus Report on the management of Helicobacter pylori infection both recommend triple therapy containing levofloxacin in Hp eradication strategies, especially amoxicillin combined with levofloxacin based on PPI as the initial treatment scheme [6] .
Proton pump inhibitor (PPI) is an important basic part in Hp eradication schemes [7] . Omeprazole, as the first-generation representative PPI drug, is one of the most commonly used proton pump inhibitors and has been widely studied for its pharmacogenetics properties; it is mainly involved in CYP2C19 and CYP3A4 metabolic pathways [8] . The affinity of omeprazole for CYP3A4 is 10 times lower than for CYP2C19, and its metabolism is mainly through CYP2C19 in vivo [9] ; therefore, omeprazole efficacy is significantly affected by CYP2C19 gene polymorphisms. Rabeprazole is a new-generation PPI developed in recent years, with unique pharmacokinetic characteristics; its dependence on liver drug metabolizing enzymes is reduced, but it is transformed into sulfide rabeprazole mainly through the non-liver enzyme pathway. Therefore, CYP2C19 gene polymorphisms minimally affect rabeprazole metabolism. After oral rabeprazole intake, AUC values for the PM group are only 1.2 times higher than those of the EM group; anti-acid effects for both groups do not reach ideal levels, suggesting that the effects on intragastric pH do not depend on the CYP2C19 genotype [10] .
For the past few years, studies have demonstrated great diversity in pharmacokinetic and pharmacodynamic aspects (e.g., bioavailability, metabolism, drug interactions, and biological specificity) among different PPIs [11] [12] [13] . The therapeutic effects observed in different populations using the same PPI are variable, mainly due to the interactions between the drugs and genetic factors, including Cytochrome P450 2C19 (CYP2C19) polymorphisms [14, 15] . CYP2C19 (NCBI gene ID: 1557), also known as S-mephenytoin hydroxylase, belongs to the protein family of the cytochrome P450 mixed-function oxidase system, and is involved in the metabolism of xenobiotics such as PPIs and anti-epileptics [16] . Its gene defects directly affect enzyme activity and, consequently, drug efficacy. CYP2C19 has been shown to display at least 30 alleles, including 23 encoding a protein (CYP2C19*1 is the gene yielding the normal enzyme activity) [17, 18] . De Morais et al. found that CYP2C19 mainly shows 2 mutant alleles [19] , CYP2C19*2 and CYP2C19*3, which were previously known as CYP2C19 M1 and CYP2C19 M2; both of them encode nonfunctional proteins due to single-nucleotide mutations. CYP2C19*2 is the main CYP2C19 mutation in Chinese individuals [18] . According to CYP2C19 genotype differences, 3 metabolic types can be distinguished: no mutation, strong metabolism type (EM); one-locus mutated, intermediate metabolizer (IM); and 2 loci mutated, weak metabotropic (PM).
The present study aimed to explore the effects of CYP2C19 gene polymorphisms on efficacy of triple therapy with amoxicillin combined with levofloxacin based on proton pump inhibitor (PPI) for the eradication treatment of Hp-positive chronic gastritis, and provide new insights to guide individual treatments and reasonable adjustment of drug dosage to ensure drug efficacy.
Material and Methods

Patients
This study enrolled 160 patients with dyspeptic symptoms, including 77 males and 83 females, diagnosed with Hp-positive chronic gastritis by endoscopy in Guangzhou First Municipal People's Hospital from May to December 2014. The subjects were all of Han ethnicity, with an average age of 45.2±12.6 years (18 to 70 years).
Inclusion criteria were: (1) diagnosis of Hp-positive chronic gastritis by gastroscopy in parallel to rapid urease test, (2) aged from 18 to 70 years, (3) no use of antimicrobial drugs within 2 weeks of enrolment, and (4) Exclusion criteria were: (1) comorbidity with peptic ulcer, Zollinger Ellison syndrome, reflux esophagitis, esophageal varices, gallstones; a history of stomach surgery and other digestive diseases; (2) coexistence of serious underlying diseases such as severe liver disease, pulmonary heart disease, kidney disease, malignant tumors; (3) treatment with antibiotics and bismuth, H 2 receptor antagonists, and proton pump inhibitors within 2 weeks of enrolment; (4) treatment with nonsteroidal anti-inflammatory drugs, antiplatelet drugs, anticoagulant drugs for gastric mucosal damage, or phenytoin, diazepam and other drugs that affect CYP2C19 within 3 months of enrolment; (5) allergies to study drugs; and (6) pregnant or lactating women.
Exit criteria included: (1) condition aggravation or occurrence of other serious complications; (2) inability to tolerate adverse drug reactions; (3) pregnancy or other symptoms interfering with the study arising during treatment; and (4) loss to follow-up and voluntary withdrawal.
This study was approved by the Ethics Committee of Guangzhou First Municipal People's Hospital, and each patient provided signed informed consent.
Hp testing standards
Each piece of mucosa from the gastric antrum to body of stomach was examined by gastroscopy, and a rapid urease test was carried out. The effect of HP eradication therapy was detected with 14 C urea breath test at 4 weeks after therapy end and withdrawal of acid-suppressive drugs.
Rapid urease test
Phenol reagent and urea were mixed evenly to pale yellow according at the proportion of 10 ml: 0.2 g as a pH indicator. The gastric mucosal tissue was immediately placed in the mixture and color change was observed after 30 min; Hp presence was reflected by the color changing from pale yellow to red.
C urea breath assay
Urea [
14 C] breath test kits were purchased from Haidewei Biotechnology Co., Ltd. (China), and used according to the manufacturer's instructions. Fasting subjects took a capsule containing urea [ 14 C] with 20 ml of cold water, and sat still for 25 min before blowing through a catheter to the CO 2 collecting agent until it became colorless. Then, 4.5 ml diluted scintillation fluid was added to the sample bottle and stamped with a seal, shaken up before assessing radioactivity of 14 C samples for 2 min on a liquid flash instrument. Hp was considered to be present when 14 C-UBT was greater than or equal to 100 dpm/mmol CO 2 .
Grouping and treatment scheme
Patients were randomly divided into 2 groups, and received levofloxacin triple therapy for Hp eradication therapy. The omeprazole group (OAL group, 80 cases) was treated with 20 mg omeprazole (Losec, AstraZeneca Pharmaceutical Co., Ltd) twice daily, in combination with 1000 mg amoxicillin (AMO Xian, Zhuhai federal Pharmaceutical Co. Ltd.) twice a day and 500 mg levofloxacin (Cravit, Daiichi Sankyo Co. Ltd.) once daily, for 10 days. The rabeprazole group (RAL group, 80 cases) received 10 mg rabeprazole (Pollitt Lei Bei, Eisai Co. Ltd.) per os twice a day, in combination with amoxicillin and levofloxacin at the above regimens, also for 10 days.
CYP 2C19 genotype assessment
Genomic DNA was extracted from 2 ml EDTA anticoagulated peripheral venous blood obtained from fasting patients, using the Blood DNA TIANamp Kit (Tiangen Biotech Co., Ltd., Beijing, China). CYP2C19 (NCBI gene ID: 1557) genotype analysis was performed by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) technology on a Bio-Rad S1000 PCR instrument, and the primer sequences are shown in Table 1 . Three main alleles were found: wild-type (CYP2C19*1) and 2 mutants (mutations in exon 5 for CYP2C19*2 and in exon 4 for CYP2C19*3) (Supplementary Figure 1) .
Genomic DNA characterization
DNA samples were examined for concentration and purity on an ultraviolet spectrophotometer and agarose gel electrophoresis, and qualified specimens were selected: concentration >50 ng/μL, OD260/OD280 ratio between 1.5 and 2.0, gel electrophoresis bands clear, and integrity >20 kb, ensuring DNA integrity and purity compatible with the PCR method.
PCR amplification
Genomic DNA from patient blood samples was used as template with the specific primers described in Table 2 . PCR was carried out with the Taq PCR Master Mix kit (TianGen Biotech Co., Ltd.) according to the manufacturer's instructions. Briefly, a total reaction volume of 25 μl contained DNA template (5 μl), 
Enzyme digestion
Each PCR product (exon 5 and exon 4) was cut by restriction endonucleases SmaI and BamHI (NEB Co., Ltd.), respectively. Exons 5 and 4 were digested (37°C) for 15 min according to the manufacturer's instructions.
Agarose gel electrophoresis
Electrophoresis of enzyme digestion products was carried out on 2% agarose gel followed by band observation under ultraviolet light; the genotypes were assessed by standard DNA molecular techniques. Figure 1 shows polymorphism bands of CYP2C19 *2 and CYP2C19*3.
Statistical analysis
General patient information was compared between the 2 groups using the t test and c 2 test, as appropriate; HP eradication rate differences were analyzed by the c 2 test. Intention to treat (ITT) and per-protocol (PP) analyses were performed in comparing total HP eradication rates of the 2 treatment groups. In ITT analysis, a sample was retained in the original group for analysis regardless of whether treatment was completed, but PP analysis only included samples with completed treatment in the final analysis. The statistical software SPSS 18 was employed in this study; P<0.05 was considered statistically significant.
Results
General patient data
A total of 160 subjects were enrolled in this study, with 155 completing the treatment, including 76 males and 79 females, aged between 18 and 70 years (average 44.8±12.5 years). There were 46/155 smokers (29.6%) and 19/155 drinkers (12.3%). In the OAL group, 78 cases completed the treatment: 1 case withdrew due to a rash that healed without special treatment, while another was lost to follow-up. The RAL group included 77 cases who completed the treatment: 2 cases dropped out due to adverse reactions (1 case each of skin rash and diarrhea, who were healed without special treatment) and a third patient was lost to follow-up (Figure 1 ). There were no significant differences in age, sex, genotype, smoking, drinking, and compliance between the 2 treatment groups ( Table 2 . Baseline patient data.
Alcohol taking: Drink at least 4 times a week for the past 30 days. group cases and 11 RAL group individuals. There were no significant differences between the 2 groups (Table 2, P>0.05).
Hp eradication rates
Hp eradication rates by PP and ITT analyses of the OAL group were 78.2% and 76.3%, respectively; in the RAL group, eradication rates of 88.3% and 85%, respectively, were obtained. The differences in HP eradication rates between the 2 treatment groups were not statistically significant by any analysis method (Table 3 , P>0.05).
Genotype distribution and HP eradication rate
Hp eradication rates of different genotypes were compared between the 2 treatment groups ( This study showed that HP eradication by triple therapy containing levofloxacin and based on the first generation of PPI omeprazole is markedly affected by CYP2C19 gene polymorphism, while a similar triple therapy based on rabeprazole is more stable and less affected by CYP2C19 gene polymorphism. These findings indicate that the impact of CYP2C19 gene polymorphism on different PPIs is similar to that observed in standard triple therapy, with treatment containing levofloxacin and based on the new generation PPI rabeprazole having higher Hp eradication ratio and smaller individual differences.
As an important clinical treatment tool, CYP2C19 genotype detection method has been widely applied because it is rapid, simple, affordable, and suitable for use in all levels of hospital.
Patients should be submitted to CYP2C19 genotyping before treatment of acid-related diseases and eradication of Hp. This would contribute to providing individualized PPI therapy for different patients, adjusting drug use based on gene polymorphism, and developing the best solutions for further treatment optimization. Selecting drug and administration regimen according to the genetic polymorphism of different individuals will provide a strong scientific basis for rational drug use and better efficacy, with fewer adverse reactions and lower costs.
Conclusion
Eradication rates of Hp were higher for levofloxacin-containing triple therapy in the RAL group than in OAL-treated patients. Interestingly, Hp eradication rates with omeprazole-based levofloxacin-containing triple therapy were significantly affected by the CYP2C19 genotype. The efficacy of rabeprazole-based levofloxacin-containing triple therapy was relatively stable and less affected by the CYP2C19 genotype. These findings provide additional insights that can help develop individualized therapies for Hp eradiation, with rational drug use, better efficacy, fewer adverse reactions, and lower costs.
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